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1.  Introduction 
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Sediment  microstructure  is  largely  determined  by  chemical  diagenesis  and  physical  processes 
such  as  bioturbation  and  storm  reworking  in  the  carbonate  sediments  of  Fort  Jefferson  National 
Monument  area,  west  of  Key  West,  Florida.  Consequently,  understanding  of  the  extent  of 
chemical  diagenesis  and  physical  reworking  is  essential  in  order  to  understand  the  sediment 
structure  as  well  as  the  geophysical  and  geoacoustic  properties  affected  by  the  sediment  structure. 
This  on-going  study  investigates  the  mineralogy,  porewater  geochemistry,  and  sediment 
microstructure  of  a  number  of  box  and  gravity  cores  from  the  study  area  in  order  to  quantify  the 
extent  of  chemical  diagenesis.  This  quarterly  technical  report  summarizes  the  results  of 
mineralogical  study,  whereas  preliminary  results  of  geochemical  and  microfabric  study  are 
presented  in  the  previous  technical  reports  (Furukawa,  1995a,  b,  c) 

This  study,  funded  by  the  Naval  Research  Laboratory  (NRL),  is  a  part  of  the  large  research 
program  managed  by  the  Office  of  Naval  Research  (ONR)  called  Coastal  Benthic  Boundary  Layer 
Special  Research  Program  (CBBL-SRP).  The  objective  of  the  CBBL-SRP  is  to  characterize  and 
model  benthic  boundary  layer  processes  and  the  impact  such  processes  cause  on  seafloor 
properties  that  affect  shallow-water  naval  operation  (Richardson,  1995).  The  present  study 
investigates  the  chemical  diagenesis  in  an  attempt  to  understand  the  relationship  between  sediment 
structure  and  processes  that  form  the  structure,  chemical  diagenesis,  sedimentation  and  physical 
reworking. 


2.  Methods 

The  author  participated  in  the  CBBL-SRP  Key  West  Campaign  that  was  conducted  in  the 
area  of  carbonate  sediments  near  Dry  Tortugas  (Fort  Jefferson  National  Monument)  and 
Marquesas  Keys,  west  of  Key  West,  Florida  in  the  Gulf  of  Mexico.  Dry  Tortugas  area  sediments 
were  sampled  extensively  to  study  mineralogy.  Results  from  several  box  cores  (KW-PL-BC-141, 
165, 194),  a  diver  core  (KW-PL-DC-178),  and  a  gravity  core  (KW-PE-GC-147)  are  reported 
herein.  Sediments  near  Marquesas  Keys  were  collected  also  and  results  from  a  box  core  (KW- 
PL-BC-208)  are  reported  herein.  The  same  box,  diver  and  gravity  cores  were  subsampled  also 
for  pore  water  chemistry  and  microfabric.  The  chemistry  and  microfabric  results  are  presented  in 
previous  technical  reports  (Furukawa,  1995a,  b,  c). 

Mineralogy  is  studied  using  X-ray  powder  diffraction  (XRD)  and  the  subsequent  Rietveld 
method  of  crystal  structure  refinement  (Rietveld,  1969;  Young,  1995;  Young  et  al.,  1994).  For 
some  samples  (KW-PE-GC-147),  clay,  silt,  and  sand  fractions  were  separated  using  settling  and 
siphoning  in  order  to  study  the  size-fraction  mineralogy.  The  Rietveld  method  of  refinement  is 
capable  of  quantifying  the  calcium  carbonate  phases  with  various  Mg  contents  (Bish  and  Post 
1993).  The  Rietveld  method  also  provides  the  cell  constants  of  high-Mg  and  low-Mg  calcites 
from  which  Mg  contents  can  be  calculated  using  the  existing  correlation  curve  (Goldsmith  et  al., 
1958;  Reid  et  al.,  1993). 
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3.  Results 

The  XRD  profiles  of  bulk  samples  from  the  box  and  diver  cores  are  shown  in  Figures  1-5. 

The  XRD  profiles  of  the  gravity  core  are  shown  in  Figure  6  for  the  bulk  samples,  and  in  Figures 
7-9  for  sand,  silt  and  clay  fraction  samples.  The  peaks  indicate  that  the  sediments  are  a  mixture  of 
aragonite,  high-Mg  calcite,  low-Mg  calcite,  and  non-carbonate  fraction  that  is  dominated  by 
quartz.  Note  the  relative  intensities  of  high-Mg  calcite  and  low-Mg  calcite  peaks.  Whereas  the 
relative  intensities  remain  nearly  constant  through  the  box  and  gravity  core  sampling  depths,  they 
change  significantly  at  depths  in  clay  fraction  of  the  gravity  core  samples. 

The  Rietveld  method  of  crystal  structure  refinement  quantified  the  change  in  relative  amount 
of  high-Mg  calcite  (HMC)  and  low-Mg  calcite  (LMC)  in  clay,  silt,  and  sand  fractions  of  samples 
from  KW-PE-GC-147  (Figure  10).  The  HMC/LMC  ratio  increases  at  depths  in  the  clay  fraction. 


4.  Discussion 

The  increase  in  HMC/LMC  calcite  ratio  in  a  gravity  core  below  120  cm  (Figure  10)  may  be 
the  result  of  cementation.  Most  cement  in  shallow  water  sediments  is  either  high-Mg  calcite  or 
aragonite  (Bathurst,  1975).  Because  the  effect  of  cementation  should  be  more  notable  within  the 
matrix  than  around  the  surface  of  grains,  due  to  the  surface  area  difference,  the  comparison  of 
matrix  (i.e.,  clay)  mineralogy  vs.  grain  (i.e.,  silt  and  sand)  mineralogy  clarifies  the  reason  for  the 
observed  shift  Because  the  observed  shift  in  HMC/LMC  ratio  comes  from  cementation,  the  clay 
mineralogy  shows  the  HMC/LMC  increase  at  depth  whereas  the  grain  mineralogy  remains 
constant  If  the  shift  had  been  from  the  difference  in  depositional  environment  that  results  in'more 
primary  HMC  grains  (e.g.,  red  algae  and  benthic  foraminefera)  at  depth,  both  matrix  mineralogy 
and  grain  mineralogy  would  have  shown  the  shift.  The  lack  of  shift  within  the  upper  120  cm  of 
the  sediments  may  be  due  to  the  physical  reworking  and/or  lack  of  cementation.  Cementation 
may  become  significant  right  below  the  mixing  layer,  or  may  not  be  detectable  by  mineralogy  until 
the  sediment  is  buried  without  mixing  for  a  long  period  of  time. 


5.  Further  study 

More  quantitative  mineralogy  using  the  Rietveld  method  is  planned.  Further  microfabric 
study  using  scanning  electron  microscope  (SEM)  is  underway.  The  results  will  be  combined  with 
mineralogy  and  pore  water  chemistry  and  presented  at  Mississippi  Academy  of  Sciences  meeting 
in  February  1996. 
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Figure  1.  X-ray  powder  diffraction  profiles  of  bulk  sediment  samples  from  KW-PL-BC-141.  Sample  depths  are  indicated  on  the 
right  in  terms  of  centimeters  below  seafloor.  AR,  aragonite;  LMC,  low-Mg  calcite;  HMC,  high-Mg  calcite;  QZ,  quartz. 
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Figure  2.  X-ray  powder  diffraction  profiles  of  bulk  sediment  samples  from  KW-PL-BC-165.  Sample  depths  are  indicated  on  the 
right  in  terms  of  centimeters  below  seafloor.  AR,  aragonite;  LMC,  low-Mg  calcite;  HMC,  high-Mg  calcite;  QZ,  quartz. 
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Figure  3.  X-ray  powder  diffraction  profiles  of  bulk  sediment  samples  from  KW-PL-DC-178.  Sample  depths  are  indicated  on  the 
right  in  terms  of  centimeters  below  seafloor.  AR,  aragonite;  LMC,  low-Mg  calcite;  HMC,  high-Mg  calcite;  QZ,  quartz. 
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Figure  4.  X-ray  powder  diffraction  profiles  of  bulk  sediment  samples  from  KW-PL-BC-194.  Sample  depths  are  indicated  on  the 
right  in  terms  of  centimeters  below  seafloor.  AR,  aragonite;  LMC,  low-Mg  calcite;  HMC,  high-Mg  calcite;  QZ,  quartz. 
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Figure  5.  X-ray  powder  diffraction  profiles  of  bulk  sediment  samples  from  KW-PL-BC-208.  Sample  depths  are  indicated  on  the 
right  in  terms  of  centimeters  below  seafloor.  AR,  aragonite;  LMC,  low-Mg  calcite;  HMC,  high-Mg  calcite;  QZ,  quartz. 
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Figure  6.  X-ray  powder  diffraction  profiles  of  bulk  sediment  samples  from  KW-PE-GC-147. 
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Figure  7.  Xjray  powder  diffraction  profiles  of  sand  fraction  samples  from  KW-PE-GC-147. 
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Figure  8.  X-ray  powder  diffraction  profiles  of  silt  fraction  samples  from  KW-PE-GC-147. 
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Figure  9.  X-ray  powder  diffraction  profiles  of  clay  fraction  samples  from  KW-PE-GC-147. 
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Figure  10.  HMC/LMC  ratio  of  size-fractioned  samples  from  KW-PE-GC- 
147. 


REPORT  DOCUMENTATION  PAGE  |  omZXTom 

Public  reporting  burden  for  this  collection  of  information  is  estimated  to  average  1  hour  per  response,  including  the  time  for  reviewing  instructions,  searching  existing  data 
sources  gathering  and  maintaining  the  data  needed,  and  completing  and  reviewing  the  collection  of  information.  Send  comments  regarding  this  burden  estimate  or  any 
other  aspect  of  this  collection  of  information,  including  suggestions  for  reducing  this  burden,  to  Washington  Headquarters  Services.  Directorate  for  Information  Operations 
and  Reports,  1215  Jefferson  Davis  Highway,  Suite  1204,  Arlington,  VA  22202-4302,  and  to  the  Office  of  Management  and  Budget.  Paperwork  Reduction  Project  (0704- 
0188),  Washington,  DC  20503. _  _ _ _ _ — — 

1 .  Agency  Use  Only  (Leave  blank).  2.  Report  Date.  3.  Report  Type  and  Dates  Covered. 

December  1995  Technical  Report  10/95-12/95 

4.  Title  and  Subtitle. 

Mineralogical  study  of  the  seafloor  diagenesis  of  carbonate  sediments  near  Dry 
Tortugas,  Gulf  of  Mexico,  using  Rietveld  method  of  crystal  structure 
refinement 

5.  Funding  Numbers. 

Program  Element  No. 

Project  No. 

Task  No. 

Accession  No. 

6.  Authors) 

Yoko  Furukawa 

7.  Performing  Organization  Name(s)  and  Address(es). 

Center  for  Marine  Sciences 

The  University  of  Southern  Mississippi 

Building  1103,  Room  102 

Stennis  Space  Center,  MS  39529 _ _ _ 

8.  Performing  Organization 

Report  Number 

CMS-95-05 

9.  Sponsoring/Monitoring  Agency  Name(s)  and  Addresses). 

Department  of  The  Navy 

Naval  Research  Laboratory  (NRL-SSC) 

CODE  3250:  BJO 

Stennis  Space  Center,  MS  39529 

10.  Sponsoring/Monitoring  Agency 

Report  Number. 

CR/7431— 96-0001 

11.  Supplementary  Notes. 

ONR  Research  Grant  No.  N00014-95-1-G907 

12a.  Distribution/Availability  Statement 

Approved  for  public  releases;  distribution  is  unlimited. 

12b.  Distribution  Code. . 

13.  Abstract  (Maximum  200  words). 

The  carbonate  sediments  from  Fort  Jefferson  National  Monument  area  were  studied  for  mineralogy  using  X-ray 
powder  diffraction  (XRD)  in  order  to  evaluate  the  effects  of  seafloor  diagenesis  on  sediment  structure. 
Cementation  is  suggested  at  the  depths  of  120  cm  and  below  by  the  increase  in  high-Mg/low-Mg  calcite  ratio 
within  fine-grained  matrix.  The  relative  amounts  of  calcium  carbonate  phases  were  determined  by  the  Rietveld 
crystal  structure  refinement.  Seafloor  diagenesis  may  be  significant  at  the  sediment  depths  which  are  not 
affected  by  bioturbation  and  storm  mixing. 

14.  Subject  Terms. 

Seafloor  diagenesis,  Rietveld  crystal  structure  refinement,  carbonate  mineralogy. 

Gulf  of  Mexico 

15.  Number  of  Pages. 

15 

16.  Price  Code. 

17.  Security  Classification  of  18.  Security  Classification  of  19.  Security  Classification  of 

Report  This  Page.  Abstract 

Unclassified  Unclassified  Unclassified 

20.  Limitation  of  Abstract. 

SAR 

NSN  7540-01-280-5500  Standard  Form  298  (Rev.  2-89) 


Prescribed  by  ANSI  Sid.  Z39-18 


